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PROBLEM TO BE SOLVED: To provide a method and apparatus for analyzing the state 
of a battery for accurately analyzing the state such as a residual capacity of the battery by 
a low cost. 

SOLUTION: An AC voltage vB and AC current iB of a battery 1 1 are sampled by an 
analog-digital converter 14 in the state that an AC signal output from a pseudo random 
noise generating means 12 is applied to the battery 11 to be analyzed via an impedance 
element 13. A transfer function of a discrete system having the battery 1 1 and the element 
13 is estimated and calculated by a transfer function calculating means 1 5 from the 
obtained data, and a polarity of the function of an AC equivalent circuit of the battery 1 1 is 
calculated from the function of the system by a polarity calculating means 1 6. A state 
deciding means 17 decides the state of the battery 1 1 by using correlation to the polarity 
of the function of the equivalent circuit. Since the function of the system is used, an analog 
signal processing is not required, and the respective means can be realized, for example, 
by a microcomputer 20. 
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U1+V1 ; U 1 - V 1 
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V 3 1 
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z 0 = cr0 + j 0 0 
z 1 = <J 1 + j 0 1 
z2 = a2 + j 02 -.(26) 

***^-V^M^^(£sMiiG ( s ) <?5 3 

iiMffcG (z, <9) fcSsi^TfeSttzTBiOlMlfiJbfc* 

£<ftfft*fflf ft*£ 1>II(£ z 0 , z 1 , z 212. 
z0 = ff0 
z 1 = a 1 

z2=o2 - (27 ) 

OOSiz 1 . z2r. 

I z 2 I < I z 1 I - (28) 

{zLtz^^x^^ymm^^bitmth. & ( 28) # 

X<?)fc*8i*Ez ll4WftOJl«£StiW*a. mz2li 

w.mv>JEWizttm-t&mt % 0 , ^ ( 2 s > aH&'ot & 

liffiz 1 Ji^fciEffifcttJE-f 4 ffi. ffiz 2{i«ffi<9© 
ffiCM JiB"9" 4 -HE fc £r 4 . 
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fmmzT [s] b-t&t. zwfesTiMii^ 
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r=Ai. s=As, 



A 2 = b 3 t"^^^ 1 
Di t>2 va 

Di 132 1)3 



s=^r lnz ••• (29) 
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( 5 ) «?fl<75«cFJh^S^^1SP 

[0089] EI6 HO f-^A A *>W.m<7Xm4 > f— 

mm*. (a>, (b) . (c) , s.t>- (d) is-eiv? 
iia*# J 10 0%. 50%. 10 %s.t K; o %£om^x-$> 

h« m2lZ7Ft<ji-WBM.3 1 p , 3 1 n^ri\^ix<7>mn. 

MRP , Rn i± s nm^ftfamzftoiEmmffL^it 
x^it-th. zntztb. nm<vmmcvmiuztt-?x ftm 

W&3 1 P, 3 1 nOjgSMRp , Rn tm^Cfh^ 
X\ M 6 iz^rfX 3 >-t°— ^">'^7°C3 1- & 

ttzmm^mM^mzi^x^tt^ . ut#oT. 

[0090] H7fi:«?iliO^*>:«?figffiPB^(cfcitl> 

•soft ji«a> t cnmmzm-tT'? 7T& o . hb«*». 

(a) (b. ) ii-tit-eh.il lffiStt^lS 2 S«0t> 

[oo9n mm?mm) wt. ^mMco~mmmm 

tio^THlE*#H° L^feR^W* . IMS Ji*§SBjO 

v „' ( a ) limmcMkm-^ * ewnrr 
•m, ( b ) tt*»£>«jBiiWf £fx3 5cr 



ojs^fcjtsgiwwN&fca-t**. Hscfi^t. i i 

!«^«ti, l 2\mMi l ^EpJirtSSSifi-f- 
*-£lJ*"r*«HH5y^iJIW64^Bi, 13ii®Sl l 
> i^-WKfF**^ 1 2 £ otaicR It htdi 4 
yf-^yxlr. I4ta*?fii 1 tc*^^$Stffv 
B &z*Cffi 1 1 taEflMSCTBiK i B *-f>r'J >^"L 

S i: LT <30T^-tJ 7 /iris 9 )Vmmt*> & . 
[ 0 0 9 2 3 Sfc 1 5li7tD//f^ S^HSUttH 
4 cbffiTJx— ? 2rS(C LT«?(fc 1 1 SIM > b°-^>X 
*^13 *^^5^^>#tt*-^-rMS^^)e3tMm*-S 

i sizz-o x&Mmn*tLtz%mi7fr£oteMmm*t>m& 

», 1 7 ttffiJWb^g 1 6 (c J: o T^iti $il^@ar»C 
LTtft^tSlfltt^ftlfM, 1 S4im?fel 
1 ^MHaS^tf-MLT^ffi^g 1 6 CHt*?-*** 
fHS¥Ri: LTOaK-te^-T'255. «3SraR3l3E#& 
1 5, ffi*ffi¥Sl 6M®M¥il 7{i«fg^ 
mTl±-?4 7 yf a.—? 2 0tw«t^TH3SSih.T.V^ 
5. 

[0093] H9{±EI8 l=5?t*IB6SJgJEtffi-SWfiO 
[0094] X-r 77S 1 IZ&^X . mtftttMit % 

^T%tmm y-y^mni&k^mzM^xwm no 



. L 0 0 9 5 j El i 0 iiffifiAy 120 
[Hz .1 ; sifftSisSfl [ d B ] X'hhi ESI 0 ic^-f"=t 

•3 1 „ mm ? yy*ms9t&.¥&. i 2 a* 6 aja s 

1 (Ci5tf^^il«<M 1 2 t*4Jft4AJSB6 

5 y-riM^^mk 1 2 £ fflv^* i t iz x 0 js&s 

*%mxt isnEeiTTA d ... 1 brnvgaaaTOfc 
[00 96] mxyyy^mwm^^m 1 2i±«x.Bfa 
-riitf ± ^ . 4 £ % iii 1 t^-r x 0 ta M^m^-im 

##-f^±^gS-fflv^T*> i:^. Ill ltfefiT. 4 l 

7 n -y 7\ 4 2 {±#ffiJB^IIfOiW^§T^ S . fcfeH 1 
1 T'& . M^JSWft^-fg^ga: 7 l) y 7*7 n y 7°> m 

?rf v t * - > Srieit LT $-££^9 7 7 h x T s: 

[0097] tfzJ yv—yyxm?! sa. mm 1 1 
nx-fo 0 . ins ^zm-^mmm^h^^wsmx 

[0098] <5:(:Xt >y 7° S 2 fciiv >T , Iffill Izfr 

^^?!lAaj^-r-^^a6^„ Xf7 7S2{i7fn 
//f x'^^ftg 1 4 1 i -5 Tff»itS . mi4fl 1 1 

tca**»*&fcMEE vb arxmsfi 1 1 cggfis^msfc i 

*u < t ) 2SW/ffi5J«-9-y ( t ) icffllj'U L*r^T 

r-rn y/^r 4 i J-?}vm%gs 1 4 tci -? TM^owiaiH 
mx-^-yy o y? *i\f£T4 j^/hiz^/sS (11) 

( t ) *>W> A>fi§ . ffv^StA § t . K% 1 1 
SSDtEEvB m/VM 1 1 fc8lft.425aMBB i B ^ 




ii*. msmmmm^mi sit. n-*?/ 

■T 1 i/ftvmMs 1 4 fc J: Tlf >'7" 'J 

( t ) , y ( t ) fc LTsfe (11) <0EFflK^ 

( t ) *^i6, ^(14) XJi (15) T-5-z.t>tl&m 
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rfflV 35 (10) ( t ) 

T, 35 ( 7 ) fciS^-J: a=Sr«liSR<0fiilWftS:««>4, 
[0100] KCXf y 7*S 4 fcfcWC. 7.-r-/7' > S 3 

r>T, 3HS9iO**«WMiraifctJtt4 (3) Mffc^Otl 

.f5*ai. six (4 ) ffift^^4.ass5R^<^<^s3ft^^ 

[ 0 1 0 1 ] 01 2(±®S:ai^g 1 60«j££5rf 7"u 
•y 7°S 3 -TfiSMHRlt^S 15tio xm&ZtUZM 

s. *mmmmx'i,±-i y-^-yy^m^i s t lxw£ 
mtfi¥x. hixx^h<7)x\ ^memzmtewmiziitf 

% ( 3- 2 ) tlfL^i 3 (c, JtftStutS ( 7 ) (£ 
arfJ:a*fel88R^)*«T**#fl6*A (z) 3 
9lKK«Wfcl&9i&TJteltT^C (23) *^55 ( 2 
5 ) (c L^*»*o TEW4ttW* . 
[0102] ffi3Dt#-S 1 6 bfcL 35 ( 2 7 ) (C^i 
35 ( 2 5 : > 3^^»feii*a318IM»6dBBcaft-ro9 
ttT.TlQftasw^fc S(C55 (28) t=fl6oT*>Wt 

^s^f-orm^i i cDiEm&vnmtzttm-t&mz&g. 

[0103] ^mSI»S 1 6 dti. 35 ( 2 9 ) t« 

oT-^f >'7°y yfffiMT&m^x 2.ffl&frt>sffl&^ri 

1 6 b Ai^B&nm^a i e c t «t ->x s itttx^ 
^ws^4>35 ( s ) r-** ^^saeaBRomsiieieRgs 

[0104] *sa6^jBt=±jtt5aatai¥^ i 6 ii:®^ 

«SQE^g 1 6 d § A> (cHi. To 1 ), HBWMiSRSi* 

s 1 6 a . wmn^m. i 6 ba^assjs«»g i 6 c 

Cbtlft^, aSSBR<9X%@fiRSBtHB (s) 

fc*sw-*«*, jg^-fe vif i siii-o TftiBi * fu^m^ 

[0105] ffioasaiEtiiaT^i o tzitT -j . ae-fe 
yif isia«?tei i joxraauEXisnsaut^ffflf 

I, 35 ( 1 ) . ( 2 ) (c^f J: -5 (c. jESW>*^K3 
1 P^MffiRp X^/*«<^BBIEK3 1 n^SKfiR 



Rw.c;nnnin- <r.P ^m?3fP73A i > 



■oXitWl-ti<BMb^LV>bffiMt&< <Mt [01061 

W&<rjW&b0>ttm£nt:mmi8M ) *Ta [K] . a [»1 53 
«-t>-»t 1 SciortfMt7tSS*rTd [K] b~t%> 

iES : Rp 1 ' =Rp [ Q ] •••(30! 

ft*: Rn =Rn (1+-%?-) [Q] ••■(3D 
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o . .'S^KTa fcfeftSffi^jSl^fc^ 1 , <u 2 ti s [.0 1 08] 

iUKTd tefcttSffiOftStSfta) 1 " . oo 2' Ztfj&cr, HRl 6 ] 

iE® : b1 =bi* lit T jj"] a ) frad/s] "-[32) 



ft®: » 2 ' =tia' II* ) irad/s] ■■■(33) 



[ o l o £)] SfflgEHBE^gi 6 dfcL 

~ikm ( s ) iz&u&mcoftfmmtt 02), ( 3 

3) fcLfc#oTiU»IEl/ta«r*-4. 

[0 1103 Maf'y7S5tSViT, X777S 

*»w<oa»flWfjrait=4jH'* ( 5 ) «Efi<5o#3Bfc«<*> 

SUP fc <o«S8^rS8BB Lfc#jRc Lfc**o Tfi**. 
[0 1 1 1 ] *4s % SK^^^ASfWte^Sl 2^m 

yf-^yxff 1 3 £ <r t ■wwrnx-h & . n 

1 3ii:-Y y f— ^•>'X^»^$-ftl:^ 1 1 fcXjHS 

r>\ mm^mmi uzmwt&^fr-^vx^ 
h» mi 3(c*3W)T. 1 2A{im^i 1 tmLumsi* 

[oii23@i s^mM^^spffaK^Hs^-r 

«?6£)*3EUj?#fa!Bfc Will 1 fcrd^S^SEIS 
£EvB xi^Kfii i*caEft*3a«SiB Jty^yy 



1 6 a{± s e3iRlia»r¥gl 5 t«toTitjeStLfe« 
<kX 0*a«B^flJ9ilrtfe±TiC (17)H*(1 

[ 0 1 1 3 ] fcmmm&^m sizmlx. m 
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[ 0 1 1 4 ] fcis, ilffifSl 6fc*SV,vc, SABER! 
[0 115] fiSMRMFfSl 5fc±r>T**> 

[0116] ^ts^mssmkmm^mt lx. &g 
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tfO z ^Mtijit-g, ffi!S<9$J*-Sr^X5> 7 T£ S,. 314 
^tiac. ttitl 1 RV4 yf-^y^If 1 2(c 
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?M&km&&&^^l,z&tthm^ffi$$8kk ofsim 
Sr^"9"0 

(a.) Ml fei^titi 
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